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ABSTRACT 

Heterogeneous migmatitic rocks are recorded in Wadi Baba and 
Wadi Dafari/east of Abu Zenima, Sinai, Egypt The different 
migmatitic fabrics and the possible transitional or combined 
forms, related to brittle or ductile deformation or generated 
through progressive stages of melting are deduced . Detailed 
macroscopic and microscopic studies and geochemical 
characteristics of the fabric components (paleosome, 
melanosome and leucosome) of the migmatite types throw Jight 
on the possible migmatization processes. The strqmatic 
migmatites are suggested to be developed in a locally closed 
system by metamorphic differentiation and segregation. The 
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development of the banded ophthalmitie structures, suggests 
internal metasomatism aided by a limited amount of melL The 
migmautes of boudinage and schlieren structures involve a 
higher degree of partial melting. 



INTRODUCTION 



c^^oao^^cJS^^^ and overlain by 

^mM^^^^sS^y ** T stromatic is used to 

foliation of the gneissTE segregated parallel to the main 

alternating bands ' banded refor t0 more strai S*« continuous 



MIGMATITES OF WADI BABA 



^to^SSffiSaSiS Wadi Abu H ™ and Wadi 
gneisses are ^rd^Z7J^Ten^^ l0a ^ mi ^^ 
intruded by pink granit^rR^ l^fL enclosed . ln old granitoids and 

mesosomes are medium minrt ' g - X Micr °s«>pically, the 

gneiss rpr I r.T?1 f 0tlte 8116158 or cordierite - biotite 

KSi^SSS^jr?- Co r st of coarse gramSl 
I. m vJ™.?r showin g hyP'd'omnphic granular texture 
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Fig.l i ) GEOLOGICAL MAP OF THE AREA EAST OF ABU ZENMA 
SHOWING THE LOCATION OF THE STUDIED MIGMATITE EXPOSURES. 

MIGMATITES OF WADI DAFARI 

At the western part of Wadi Dafari migmatitic rocks form large 
lenticular masses and elongated bands of black, brown, purple and light pink 
colours. The dark bodies are amphibolites, homblende-biotite schists and fine 
grained banded gneisses enclosed in the granodiorites and occasionally 
surrounded by light migmatitic material. The outcrop of the migmatitic rocks 
is structurally controlled, being bounded to the west by a major NNW fault 
zone, and is delimeted to the north and south by ENE trending faults (Fig. 1). 
These migmatites are grouped into the following structural types : 

(a) migmatites of banded structure 
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Banded Gneisses and Migmatites of Banded 
Structure 

The studied banded rocks consist of rhythmically alternating dark and 
light bands and lamellae (PL 1, Fig. c). Thay vary in thickness from 1 mm to 
few cms, generally regular, with well defined contacts and uniform thickness 
or may pinch out laterally forming small lenticles, or affected by faulting 
(Fig.2). These banded rocks have sharp contacts with the host granodiorite 
that surround and intrude them (PI. I, Fig. c) and represent fine grained 
banded gneiss (Fig. 2, type 1) and rocks showing signs of miematization 
(Fig. 2, types 2-5). 

Microscopically,type 1 in Figure 2 consists of rhythmic bands and 
lamellae which can be expressed as " 12131" and "1212" rhythmical systems 
(Figs. 3A and 31^ respectively). The repeated bands and lamgjlae are made 
up of different rlbportions, grain sizes and forms of honfeende, biotie 
quartz, plagioclase and occasional sillimanite. Combinations of these two 
rhythmic types are common. In the former rhythmic type, the dark fine band 
(band No. 1 in figure 3A) is formed of fine oriented hornblende and biotite 
(Hbl and Bil), up to 0.2 mm in size, constituting the main foliation S, with 
subordinate quartz and plagioclase. The second bands (band No. 2 in 
figure 3 A) are lighter in colour and consist of large hornblende 
porphyroblasts (Hb2), up to 2 mm in diameter, and fine biotite (Bil) in a fine 
to medium grained quartzofeldspathic matrix with fine hornblende (Hb2). 
These bands exhibit some variations in the grain size and frequency of some 
minerals. They show increase in the grain size of the matrix with decrease in 
the frequency of Bil and Hbl accompaneed by increase in the grain size of 
Hb2 porphyroblasts, from 0.5 mm up to 2 mm in diameter (PI I Fics d 
and e) and decrease in their degree of idiomorphism. The H^'enclose 
rounded quartz and opaques that show increase in grain size and frequency 
with the increase of the grain sizes of the porphyroblasts. The rounded 



Plate 1 ~~ ~ 

a : Stromatic migmatite of W. Baba, showing isoclinal tight folds . 



Photomicrograph of the stromatic migmatite, consisting of mesosome as 
medium grained boiute gneiss and leucosoirie of coarse grained quartz and 
plagioclase. 

c : Mgmante of banded smicture, showing sharp contact with the granodiorite. 
a , Hornblende porphyrblasts (Hb2) growing in the dark bands of the banded 
migmantes . 

e : A large hornblende porphyroblast with inclusions of the same size as the 
surrounding matrix . 

f : Biotite • metablast (Bi2) developed in the light band, near the contact with the 
toliated dark band . The biotite porphyroblast is surrounded by a clear zone 

g : Close up view of banded migmatite breccia cemented by new generation of 
light neosome . 

h : Phofomirmcrronfi 
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Fig.2 

The different geometric patterns of the rhythmic banded migmatites and their 
deformational forms : Type 1 = rhythmic alternations of dark and light grey bands or 
lamellae, with horneblende and biotite porphyroblasts ; Type 2 = Alternation of black 
amphibohtic and white Ieucocratic bands ; Type 2a exhibits megascopic hornblende 
prophyroblasts concentrated along the contact between leucosome and the underlying 
amphibohtic band. In type 2b, the porphyroblasts are distributed in the middle part of 
the Ieucocratic bands. In type 2c, the porphyroblasts are arranged in two parallel 
lines within the Ieucocratic bands. Type 3 is similar to type 2, but the Ieucocratic 
bands occur as stratified lenticular forms. Types 4 a and 4b represent small scale 
faults affecting the banded migmatites of types 1,2 and 3. Type 5, shows injection of 
Ieucocratic materials along a fault plane associated with bending and flowaee of the 
light and dark bands . 



inclusions in the large Hb2 porphyroblasts are mainly of the same size as 
those of the surrounding matrix (PI. I, Fig. e), suggesting simultaneous 
recrystallization of the quartzofeldspathic matrix with the progressive growth 
of Hb2 along grain margins of the surrouding crystals. The third band (band 
No. 3 in figure 3 A) is lighter in colour and consists of biotite porphyroblasts 
(Bi2), up to 1 mm in diameter, surrounded by a fine partly polygonized 
groundmass of quartz, plagioclase and few HbL The biotite metablasts grow 
mostly following the main foliation, or at random, forming a clear zone free 
of fine hornblende and biotite (PL I, Fig. f). In the "1212" rhythmic system 
the alternating bands are mineralogically and texturally similar to the 
described first and third bands. 

Rocks of type 2 in figure 2 displays rhythmic alteration of blak 
amphibohtic and white Ieucocratic bands, either regular and straight, up to 
3 cm thick, or of lenticular forms, up to 10 cm in length (Fig. 2, type 3) The 
leucQsomes are medium to coarse grained made up^of granular quartz and 
plagioclase and include hornblende and biotite oorohvroblasts. un m 5 mm in 
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«>^Hbi= oriented hornblende . 
Hbi= porphyroblastic hornblende 
^ Bit = oriented biotite 
Bi2 = porphyroblastic biotite 
<&Q§, = quartz,plagidclase & k.f eldspar 
= occurrence, of sillimanite 



Representative microscopic profiles of type 1 in Figure 2. the 
hornblende and biotite occur in two generations, fine grained 
subidiomorphic oriented • crystals (Hbl and Bil) and large 
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These banded rocks show some deformational features developed 
during or after the formation of the leucosome. Two types of defoSon 
have been recognized, brittle and melt enhanced deformation ThTbrittl 

^ Pment ° tsetS of vertical inclined 
normal faults (Fig. 2, types 4 a and b). The second type of deformation is 

indicated by the development of leucocratic neosome material Tng faint 

planes traversing the migmatite banding. Displcement and bending of the 

migmatite bands along the fault planes and ihe formation of a flexure zonl 

indicate flowage of the leucocratic material during faulting a^dTe 

development of the neosomes (Fig. 2, type 5). Formation of banded 

migmatite breccia cemented by ncosome (PL I, Fig g) similaMn 

composition and texture to the light bands, indicates progressive stage of 

pan^l melung of the leucosome shortly after briufc defomiatton . 

Migmatites of boudinage and dilatation structure 

A common fabric is found as boudinaged bands and lenses 
representing relicts slightly affected by ultrametamoiphism and surrounded by 
lighter grey migmatit.c gneisses or granitoids. The development of this 
structure depends on the difference in competency of the fabric uS which 
consist of competent dark bodies surrouded by a less competent and more 
mobile quartzofeldspathic material. Thus with great difference in the 
mechanical behaviour of the two pans, the dark bands are con^S broken 
in o boudms that may be ruptured into fragments, tilted and displaced bv 
dclatation and surrounded by mobilized migmatitic leucosomes (Fig 4 Tin an 
advanced stage of ductile deformation, <he raft^flatten into smaUer enticular 
bodies with tapered ends, lying along the foliation of the surrouSng 
m.gmatiuc gneissosc leucosome which form flow stmcture around theTr 
& Uk ™ tely ' lh * ^formation of the dark bodies by rupturing 
flattening dilatation and corrosion, give rise to daric lenses of different sizes 

st Se tSW 0r ^ higWy StretChed int0 
S^ZS^SiS^ ™ — " * tan **^ Elusions 

hn . .^^T^y. dark bands and boudins arc made mainly of 
hombfcnde, biotite-homblendc and biotite schists, showing LTSnri 

k££T Tt, tCXtUre (R l ' F,g - h) The da * exhibit laS 

K-feldspar porphyroblasts as stumpy and equant crystals of microcline and 

IffiS"?* indUSi0nS 3ho-*ieE quartt S 

oiotite (PL I, Fig. i). The dark bands also show signs of modifications 
represented by blastic growth of plagioclase (PI. II. Fig a) and tomSSte 
enclosing onented biotite flakes (PI. II, Fig. b) An advanced «a^Tf 
modulation results in the formation of orthilase anc frSSSSteStaS 
exhibitmg mtcrgranular growth or occur as subhedral poikiloblasts (PI II 
Fig c) The associated leucosome is composed mainly of quartz plagioclase' 

Slffff Sr!^ 8 medium grained 

il, Hg. d). Apatite and sohene are the main *rm*nric - - « • ~ 



EL - AREF et a!. 



35 




O o "3 C 
" — i O — 



£ 3 ^ — -3 o E 

§ o 3 150 j= « 

o ° "a o 

•rf O O c3 

3 fcOX) ,H 



g3 *- a o >> 
^; V5 c c *— ; 

3 « -e *-* to 



p 



o . 



*i OT3 C o « 



° s « ^ 



- " g -° 

— ~- » u 5/3 

w c o t> -3. 
c a J= *3 T3 

S 3 

■c O Q s o 
o o w 

3 C.E 3 -~ 

3 2^ £ X 



g S > S 

3 O 
»- -C 
to -> 

G bQ 



o y ^ ^ £ H II ° 
i* 3 o « .3 o* c 

o a 3 -o .£ o w 



II o 

m o 



o «i2 3 _ 



3 B..S 

O t— i - - i- 

o ° 




c o o ^3 G o 

o o 3 c g «J 

^ 3 teG O O <N 

° § § 



s 




3= to 

11^ 000^ 3 

^ > S aoo2^ 
•a -S ^ g c ■ fc ^ .3 

2 S 



36 



FABRIC EVOLUTION 



Migmatites of ophthalmitic (augen) structure 

In some high grade heterogeneous rocks, dark relicts are found as 
tenses and stretched streaks, surrounded by gneissose grannie euSomes 
together with smaU augens of neosomatic material delinedby m^c sS^ 
eyelids The evolutional trend of the development of these neSnutto 
material at the expense of the daric paleosomes is shown in figure 4 to the 
daric lenses a new coarse grained granitic phase starts to general at the corel 
and increase progressively repairing the lenses and leaving fine dark stS 
at the borders (PI II, Fig, e). Thus the formation of ophthalmite™ 
represent modification of the mesosomes and the leucosomis in an advanced 

S h m ' g M at ^ at,0n - J hC raesosom <* ^ represented by medium graK 
b otite-homblende or biotite schists modified by the growth ofSe 

t^TS^r^- ^ ^'•PO'Phyreblastsgrow individual >fr 
as crystal aggregates, that cause destruction » the foliation. Under the effect 

°n S^^ ?^" 1 and Partial melting * K-felds P arporohyroblasts deveS 
m the biouie schis mesosome. Thes is accompanied by the decomposition of 

S t2 a 74 eS rH m l°^L dU " nS deh y drati °n - melting reaction 
K & ,1! : f ShW f' 1979)l Whcrc the rcl ^ed\K aids in the fonnadon of 
K-fcldspars In an advanced stage, the leucocratic augens are foimed of an 
aggregate of coarse quartz, plagioclase and biotite. The sunoundhag fire 
leucosomes affected by partial melting show growth of separate or aSgS 
gSetxture ^ P °^>' roblasts or elongated'entides of SS 



Migmatites of schlieren structure 

Rocks with schlieren structure represent the main migmatitic fabric 

S . l- yP S ' es P ec,aU y the amphibolitic bands and boudins and 

££S% T — ^ form ^^Posums suSS ana 
intruded by gneissose granodiorites. The rocks of this type are of 



Plate H 

Photomicrograph of the hornblende schist band, showing plagioclase 
PoikUoblastenclosmgfine rounded hornblende and quartz crys Js 

• SS e £r£°s b,aSt - l0 ^ « ^ and P^gioetase and 
^ *^£££2Z*^ * e -*« niigmathe, 
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heterogeneous characters and consist of roughly parallel irregular light and 
dark streaks or stretched lenses with tapering ends, showing laminar flow 
structure (PL II, Fig. f). The dark inclusions are mainly amphibolites and 
biotite schist (paleosomes or melanosomes), representing resistant relicts that 
have responded differentaly to the processes of migmatizatioa They become 
flattend, taperd or twisted, sometimes corroded or digested by the 
surrounding light migmatitic leucosomes, or modified by the formation of 
lighter, granitic materials at their cores. The heterogenity is reflected 
microscopically, regarding the composition and texture of the different fabric 
units, the paleosome, melanosome and leucosome (Fig. 5). Paleosomes are 
found as relict lenses (restites), mostly preserving the original composition 
and schistose texture. The melanosomes may be detached from the dark relict 
paleosome and is mechanically incorporated by the advance of the leucosome. 
They are either relict melanosomes or formed of new generations of biotite or 
hornblende (Fig. 5A). The leucosomes of consist fine to medium grained 
quartz, plagioclase, orthoclase, microcline and perthite, of granoblasric 
texture (PL II, Fig. g), sometimes polygonized (PL II, Fig. h). As shown in 
Figur 5B, the leucosomes are also of heterogeneous character, displayed by 
the variable distribution of the main mineral phases. This is reflected by the 
formation of mineral aggregates, or through local modification of the 
composition or fabric by the growth of later generations of the main minerals 
and polygonizatioa 

GEOCHEMICAL CHARACTERISTICS OF THE MIGMATITES 

The analysed samples of the migmatites are chosen so as to represent 
the paleosome and leucosme of the different structural types (Table 1). The 
analytical results are statistically processed by linear .regression and 
computerized cluster analyses, and portrayed by variation diagrams and 
dendrograms. 

The analyses reveal that the heterogeneous character of the fabric 
components is mainly expressed by variation in some major oxides as Si0 2 , 
Fe2 3 and MgO, some trace elements as Zr and Ba and rare earths as La and 
Nd. Other oxides as Al 2 3 . K 2 O, Na 2 O and CaO do not show great 
variations between the paleosomes and associated leucosomes of each 
structural type. This may reflect variations in the original materials and in the 
degree of chemical mobility of elements in metamorphic condition or during 
malting . Si0 2 shows a strong negative relation with Fe2 3 , MgO, CaO and 
MnO, and a moderate negative relation with Al 2 3 and Na 2 O, and very 
weak relation with K 2 O (Fig. 6) . It is noticed that the paleosomes plot in a 
field clearly separated from that of the leucosomes. The leucosome field 
shows high Si0 2 content, with low Ft^ 3 , MgO, MnO, Al 2 3 and CaO 
compared to the paleosome field. On the Na 2 O - Si0 2 and K 2 O - Si0 2 
diagrams, the Na 2 O and K 2 O contents of the leucosome and paleosome 
fields are nearly similar. The biotite schist shows a general intermediate 
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Table (1) : CHEMICAL ANALYSES OF THE MIGMATITES 
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Fig. 6 



Variation diagram of SiO versus major oxides for the studied 
migmautes and boitite gneiss. The soid line ties the parent biotite 
gneiss to the corresponding paleosomes and leucosome of the 
stromatic migmatite. 

In figure 7a , the leucosomes mainly plot in a field of high Si0 2 and 
low Mg O + Fe O and K 2 O + Na 2 O, whereas the paleosomes show high 
femic group. It is clearly observed that there is no great variation in 
the K 2 O + Na 2 O content of the leucosomes and paleosomes, suggesting a 
closed system concerning these elements together relative to the Si0 2 and 
Femic Group. The leucosomes of banded structure sliow rather high femic 
content and plot away from the leucosome filed, which can be attributed to the 
occasional growth of hornblende and biotite porphyroblasts. In Figure 7b, 
the amphibolitic paleosomes show high values of CaO than the leucosomes, 
which on the other hand have higher K 2 O content . It is also clear that Na 2 O 
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Fig. 7 : K20 + Na20/Si02/MgO + MnG diagram (A) and K20/CaO/Na20 
diagram (B), for the migmatite leucosomes, paleosomes and biotite 
gneiss. 

Figure 8 , Shows the behaviour of Rb, Zr, Sr and Ba with respect to 
the sum of femic elements to demonstrate their evolution in the different 
migmatite types . In the low grade migmatites of stromatic type with thin 
leucosomes and melanosomes, which characterize the initial stage of 
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position. The Behaviour of Ba and Sr. reveals that Sr is more concentrated in 
paleosome than in leucosome, while Ba is higher in leucosome than in the 
paleosome. This is different from the general trend discussed by Mehnert and 
Busch (opxit), but still they have mentioned a spread of Ba and Sr in their 
leucosomes, causing strong deviations. This behaviour of Ba and Sr in the 
studied migmatites, may be attributed to difference in the original composition 
of the paleosome, in the degree of migmatization or the possible 
contamination of the leucosome by the associated melanosome selvages. In 
.the migmaties with banded, boudinage and schileren types, the leucosomes 
exhibit a dispersed pattern with repect to Rb, Zr and Ba. These variations are 
probably related to the later growth of hornblende and biotite or K- 
"Feldspar and plagioclase porphyroblasts. 

The plotting of Qz-Or-Ab H 2 O system (Fig. 9), shows^that the 
migmatitic leucosomes of boudinage and schlieren types plot rather clos ' to 
the points of minimum eutectic at moderate water vapour pressures, where -3 
those of the banded mimgatites plot away from the eutectic point at ;ow 
pressure. 

Cluster analysis is carried out for the leucosomes and paleosccics 
separately, and the linear correlation coefficient is used as similarity criteria 
showing the affinities between the elements during migmatization and the 
formation of leucosomes (Table 2a, 2b). The results are portrayed as 
dendrograms that show a general variation in the geochemical affinities 



Qz 




Fig. 9 : Plotting of leucosomes on the H20 saturated liquidus field boundaries 
in the system Qz - Ab-Or-H20 for different water pressures (1.2/3 K 
w A*w Tnttip *nH Unwfcn 1958 ! 5. 10 K bar After Luth et al.. 
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between the elements in the paleosomes and leucosomes. In the paleosomes 
(Fig, 10A), the Al 2 O 3 shows an affinity to T1O2 and MgO to CaO and FeO 
to MnO, indicating similarity in their geochemical behaviours, as these 
elements are related to the composition of hornblende and biotite. It can be 
deduced that the group of elements forming the mafic minerals is the main 
association as it is related to Si0 2 and the group of trace elements and rare 
earths. In the leucosomes (Fig. 10B) the affinity of CaO to MnO and Nd to 
FeO and their relation to AI2 O3 suggest the fromations of hornblende . The 
Ti02 shows affinity to Fc2 O3 reflecting a similar behaviour and their 
association in biotite and some opaques. K2 O has a rather independent 
behaviour, due to its mobility, it is. mainly related to Si02 and AI2 O3 
forming K-feldspars and partly related to biotite. Si0 2 shows no affinity to 
certain elements, as it is mainly foun4 ; as free crystallizing quartz or 
controlling the formation of the different silicates. This is a prelminary 
attempt to show the general affinity of elements in the fabric units, but still 
mineral analysis is required to give the exact composition of the different 
mineral phases during migmatization. 
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DISCUSSION AND CONCLUSIONS 

In the low grade migmatites, the regular geometry of the leucosomes of 
stromatic type, the formation of dark melanosomes, the simple mctamorphic 
textures of the paleosome (mesosomc), and intermediate position of the 
chemical composition of the parent rocks between the corresponding 
leucosomes and paleosomes, suggest that the stromatic migmatite is formed 
by mctamorphic differentiation and segregation in a locally closed system, as 
described by Yardley (1978); Mchnert and Busch (1982) ; McLellan (1983) 
and Ashworth and McLellan (1985). The coarse grained leucosomes are 
mainly formed by aqueous fluids escaping during progressive metamorphism 
(Vidale, 1974 and Yardley 1983) and derived from the surrounding 
paleosome. This is indicated by the concentration of the stable constituents, 
as Fe, Mg, Ti and Mn at the margin! of the paleosome, forming the 
melanosome, and extraction and recrystallization of the mobile constituents as 
Si, Al and Na in the intervening leucosomes. Regarding the distance of 
migration, Mchnert (1987) suggested that it corresponds to half the vein, on 
both sides of the leucosome. These leucosomes may be distinguished from 
the anatectic leucosomes by their pegmatitic habit, as regarded by Yardley 
(1978). The observed regular harmonic folding is similar to that described by 
McLellan (1983 and 1984) and indicates mctamorphic differentiation and 
segregation proir to the main deformation . 

In discussing the origin of the present banded migmatites, two points 
are of main interest; the nature and source of the material forming the 
leucosomes and the reason for locallization of these leucosomes in bands and 
lenses. In the banded gneisses the observed macroscopic and microscopic 
rhythmic characters reflect primary rock fabrics . The alternating dark and 
light bands arc modified by later growth of hornblende and biotite . This 
suggests a rhythmic pattern of diffusion of some elements between the bands, 
mainly in a closed system, which can be explained through the migration of K 
to the light bands and recrystallization of biotite porphyroblasts, coupled by 
the migration Ca to the dark bands, reconstitution of hornblende 
porphyroblasts, and redistribution of Fc and Mg. This process of internal 
metasomatism through limited migration of elements within few millimeters, 
suggests mainly solid state diffusion or the occurrence of limited amount of 
melt. The reconstitution of biotite porphyroblasts, is simply regarded as a 
process of metamorphic differentiation acting in a closed system. They 
consume the surrounding older biotite (Bit) during their growth, by small 
scale diffusion within the quartzofeldspathic bands. This pattern agrees with 
that of Mehnert (1987) in discussing very short-range chemical migration 
between alternating bands. In considering the possibility of partial melting, 
Johannes (1988) discussed that the amount of melt is higher in light 
ncosomcs than in mesosomcs, as it is controlled by the mineral composition 
of the bands and the amount of water available . In the light bands with finer 
grain size, lower amount of Bil and frequent quartz and-feldspars, the 
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leucosome appears to be derived mainly by local partial melting. The form 
and size of leucosomes depend on the amount of melt produced and the 
process of melt transfer within the paleosome. In the amphibolitic 
paleosome, the amount of melt produced is very limited, thus an introduction 
of water-rich fluids is required to enhance melting and increase the amount of 
leucosome. The melt produced is transfered either along the foliation planes 
forming bands or along fault planes and fractures. The migration of 
leucocratic material along fractures or between breccia fragments, presents an 
advanced stage of melting and mobilization during migmatization . 

The evolution of migmatites of boudinage structure involves 
ultrametamorphism accompanied by brittle and ductile deformation, through 
rupturing , flattening and dilatation. The dark bands and boudins are 
commonly modified by the blastic gro wth of hornblende or feldspars. They 
show variation in their chemical composition that reflect variation in their 
parent rocks and modifications. The associated leucosomes have an eutectic 
granitic composition and granitic appearance, and suggest partial melting of 
original quartzofeldspathic material . The granitic melt is the main source of 
K for the K-feldspar prophyroblasts growing in the associated amphibolites, 
aided by the K released from the decomposition of biotite during partial 
melting affecting the boudins. 

The described mode of evolution of the ophthalmitic structure suggests 
a process of local metasomatism, as feldspathization and granitization at 
different stages of ultrametamorphism . This confirms the general mechanism 
discussed by King (1950) and Mehnert (1968) for the formation of 
ophthalmites in mesosomes. McLellan (1983) regarded the ophthalmites as 
the unsegregated type of migmatites. It can be noticed that the described 
ophthalmitic structure, partly differs from the ophthalmites of McLellan 
(op. cit) . Where the present modified paleosomes are found as small lenses 
surrounded by quartzofeldspathic materials, and appear to result from 
advanced stages of ductile and brittle deformation, and not as main rock 
masses. 

Migmatites under high-grade conditions, are characterized by granitic 
or granodioritic leucosomes which require higher PT conditions (Winkler and 
Breitbart , 1978). The idea that the diatexites represent final stages in the 
evolution of granitization processes was discussed by Pitcher (1952, 1970) ; 
Raugin (1974) and Mehnert (1978). The present schlieren structure may 
partly result from the progressive delatation and stretching of the dark bands 
and boundins into roughly parallel streaks floating in quartzofeldspathic 
material during ultrametamorphism. It may also , represent a primary rock 
character as heterogenity in the quartzofeldspathic rocks, containing pelitic or 
calcpelitic material that develop biotite and hornblende-biotite schists at higher 
grades. Detailed microscopic examinations of these leucosomes revealed 
heterogenity in the textural aspects, having the following genetic implications 
: (a) grain size : the described leucosomes are mainly fine grained. According 
to Yardley (1978), the grain size of theleucosome is a goormdicator of 
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anatexis ; (b) grain shape : it has been observed that the feldspars are mostly 
equidimensional showing a low aspect ratio . This suggests recrystallization 
of these leucosomes from partial melts. It also indicates that these leucosome 
feldspars are not inhereted from the paleosmes, which exhibit higher aspect 
ratio ; (c) grain orientation : the leucosomes show overall gneissose fabric 
exhibiting preferred orientation of biotite flakes that may be incorporated form 
the melanosomes, whereas the quartz and feldspars do not develop preferred 
orientation. This mainly suggests, stress-free crystallization of the 
leucosomes from melts ; (d) grain distribution : the leucosomes exhibit 
variation in grain contact relations, they partly show aggregate distribution, 
with like contacts of similar grains, due to nucleation of new grains at 

; boundaries of the same mineral phase. At a higher degree of partial melting, 
the leucosomes develop regular-dispersed distribution where unlike contacts 
between the grains are frequent. They show locallized hypidiomorphic 
granitic texture, having a random distribution, where minerals have no 
preferance for being in contact with each other. This distinguishes melt- 
grown textures and indicate advanced stages of melting. Although it would be 
expected from the formed melt in the schlieren type, to have high Rb, Sr and 
low Ba and Zr, yet the plots of the geochemical data show a different pattern. 
Here, it should be highly regarded that these leucosomes do not represent a 
complete homogeneous melt, but rather an high degree of partaial melting, 
where the rocks partly retain their original mineralogical and textural 
characteristics, and exhibit modifications through segregations and growth of 

£ later generations of the mineral phases from the melt. It should be also 
considered that these leucosomes are highly associated with fine dark 

, melanosomes, which affect their true chemical compositions. Thus these 
leucosomes should not be looked upon as proper granitic melts undergoing 
differentiation during crystallization. 

From the forementioned discussions, it is seen that the variation in the 
original composition, physical characters of the parent rocks , degree of 
melting and deformation control the amount of melt produced and the 
distribution and form of the generated leucosomes. Considering 
migmatization through partial melting as an independent process, where 
geochemical balance is hard to reach, the migmatitic rocks should be treated 
as governed by their own geochemical rules. 

The genetic relation between the present migmatites and the typical 
Feiran gneiss and migmatite belt, located south of the study area (Schurmann, 
1953 ; Akaad, 1959 ; Akaad et al., 1967 a, b; El Gaby, 1967 and El Gaby 
and Ahmed, 1980), is not yet clear and needs confirmation through further 
detailed studies. 
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